The DoUble-blind Atorvastatin AmLodipine (DUAAL) trial investigated whether atorvastatin decreases ischaemia by a vascular benefit, independent of low-density lipoprotein cholesterol lowering, in patients with coronary artery disease (CAD), both alone and in combination with the traditional anti-anginal therapy, amlodipine.
Introduction
Symptomatic coronary artery disease (CAD) in patients with chronic stable angina is frequently treated by percutaneous coronary intervention (PCI), but recent evidence has not shown significant improvement in mortality with this approach vs. modern medical therapy. 1 It is increasingly clear that cardiovascular outcomes depend on an understanding of the biology of atherosclerotic disease, which may involve vascular inflammation, endothelial dysfunction, and plaque instability. 2 This has therefore become a target for novel therapies. Transient myocardial ischaemia (TMI) during daily life has been linked to an increased risk of coronary events. 3 The pattern of symptomatic and asymptomatic TMI has been used as a measure of disease activity and response to therapies. 4, 5 We have previously
shown that the long-acting calcium channel blocker, amlodipine besylate, reduces TMI episodes over 24 h. 4, 6 Recently, there has been considerable interest in the potential vascular benefits of statins in addition to lowering of low-density lipoprotein cholesterol (LDL-C). 7 In a study of 40 patients, lovastatin reduced ambulatory TMI in patients with CAD. A larger study of 341 low-risk CAD patients, AVERT, demonstrated that therapy with 80 mg of atorvastatin daily reduced the incidence of ischaemic at least to a similar level as that achieved by angioplasty followed by usual care. 8 In patients with acute coronary syndromes and after myocardial infarction, the rapid outcome benefit and fall in inflammatory biomarkers achieved with statins suggest an effect on vascular biology. 9 , 10 This has not been investigated in patients with stable CAD. The DoUbleblind Atorvastatin AmLodipine (DUAAL) study was designed to determine whether atorvastatin relieved TMI in a large cohort of symptomatic CAD patients and to compare the effect of atorvastatin with amlodipine. We investigated the time course of effects on TMI and inflammatory biomarkers as a guide to mechanism of action. Co-administration of amlodipine and atorvastatin has been shown to increase nitric oxide and reduce oxidative stress in vitro. 11 We therefore explored whether there was an additive effect of combining atorvastatin with amlodipine.
Methods

Patient population
Men and women (aged 21 -80 years) with clinically stable angina pectoris (≥2 attacks per week without change for ≥3 months prior to study entry) were recruited from 46 clinical centres in 13 countries (Appendix). Patients had to have a positive exercise test and documentation of CAD defined by ≥1 of the following: a positive thallium exercise test; a coronary arteriogram demonstrating .70% narrowing of ≥1 major coronary artery; documentation of previous myocardial infarction .2 months prior to the study; or history of coronary artery bypass surgery or PCI. Total cholesterol was required to be ≥200 mg/dL (≥5.2 mmol/L). Angiograms were mandatory for all females as false-positives can occur with other diagnostic procedures. Exclusion criteria included congenital heart disease, uncontrolled hypertension, standing systolic blood pressure (SBP) ,100 mmHg, bradyarrhythmias (heart rate ,50 b.p.m.), greater than first-degree atrioventricular block, any medication known to interfere with the electrocardiogram (ECG), intolerance or hypersensitivity to amlodipine or atorvastatin, elevated creatine phosphokinase .3× upper limit of normal, active liver disease or hepatic dysfunction, impaired renal function, and total cholesterol ≥300 mg/dL (7.8 mmol/L). All patients gave written, informed consent as approved by the institutional review boards of the study sites.
Eligible patients underwent 48 h of continuous ambulatory ECG (AECG) monitoring and were included if they demonstrated ≥15 min of ischaemia by ST-segment depression and/or three or more ischaemic episodes. Patients were maintained on stable doses of all concomitant cardiovascular medications; only patients who had received calcium channel blockers within 2 weeks before screening and statins 4 weeks before screening were excluded. Sublingual nitroglycerin was permitted as required, but not for prophylaxis, and was recorded in patient diaries.
Study design
This was a parallel, randomized trial with a 2-week, single-blind, placebo run-in phase followed by a double-blind treatment period. Eligible patients were randomized in a 1:1:1 ratio using a computer-generated randomization code to receive treatment with amlodipine, atorvastatin, or both amlodipine and atorvastatin, once daily for 24 weeks ( Figure 1) .
Study medication was administered in a double-blind, doubledummy design. Patients randomized to amlodipine received 5 mg/ day, and at Week 6, the dose was increased to 10 mg/day. Similarly atorvastatin 10 mg was increased to 80 mg. In the combination arm, the same titration schedule was undertaken for both agents.
The primary efficacy endpoint was the number of ischaemic episodes during 48 h AECG monitoring at Week 26. Secondary assessments included changes from baseline to Week 18 in AECG ischaemic episode number, as well as changes from baseline to Weeks 18, and 26 in bicycle exercise test variables, inflammatory biomarkers, angina diary data, and lipid variables. Adverse events were also recorded.
Ambulatory electrocardiographic monitoring
Patients underwent 48 h AECG monitoring at Weeks 1, 18, and 26. A calibrated two-channel AECG recording electrocardiographic apparatus (Rozinn Electronics model 151, Rozinn Electronics Inc., Glendale, NY, USA) with a modified lead V3 and V5 or lead II was used. Recordings were analysed centrally by Cardiology Consultants (London, UK).
Episodes were identified by standard criteria. Episodes of symptomatic and asymptomatic TMI were not analysed separately by AECG Figure 1 Study design. AECG, ambulatory electrocardiogram; ET, exercise test.
Anti-ischaemic effects of statins in angina monitoring. Chest pain was recorded in angina diaries. Recordings were analysed in a blinded fashion both with respect to the patient and study phase. For each episode of ST depression, time of onset, number, duration, and severity were recorded.
Bicycle exercise testing
Bicycle ergometer exercise tests were performed at Weeks 2, 18, and 26 using a standard graded increase in workload. Heart rate and blood pressure were measured. Total exercise time, reasons for stopping the exercise, and the times to onset of ≥0.1 mV ST-segment depression and to angina were recorded.
Blood assessments
High-sensitivity C-reactive protein, amyloid-A, and interleukin-6 levels were determined at screening and at Weeks 6, 18, and 26. Lipid levels, including total cholesterol, high-density lipoprotein cholesterol, LDL-C, and triglycerides, were measured at Weeks 2, 6, 18, and 26. Liver function tests were performed with central analysis.
Patient angina diaries
Angina diaries were completed daily by each patient from Weeks 0 to 26. Patients recorded the date, time, and duration of their angina episodes and the number of sublingual nitroglycerin tablets taken.
Statistical methods
The sample size was based on information from the Circadian Antiischemia Program in Europe (CAPE II) trial. 6 A sample size of 300 (100 patients per treatment group) was calculated to have a power of 80% to detect a difference in means of 0.6 episodes with a standard deviation (SD) of 1.5 using a two-group t-test with a two-sided significance level of 0.05. The efficacy analyses were performed on the modified intent-to-treat population, which was defined as all randomized patients with a baseline efficacy measurement and ≥1 follow-up measurement for the same variable. Missing measurements at postbaseline visits were extrapolated using the last observation carried forward (LOCF) method. Sensitivity analyses for the LOCF method were performed using only data collected after Week 6, when the dosage of study medication was increased. The results were identical to those presented in this article. A statistical significance level of 0.05 was used for all efficacy analyses without adjusting for multiplicity. Safety analyses were performed for all randomized patients who received ≥1 dose of any study medication.
For efficacy measurements with skewed distributions, including 48 h AECG monitoring data, and inflammatory biomarkers, the overall treatment differences for change from baseline were analysed using the Kruskal-Wallis test. If the overall treatment effect was significant, a pair-wise comparison between treatment groups was performed using the Wilcoxon rank-sum test. Within-treatment comparison was performed using the Wilcoxon signed-rank test.
For the efficacy measurements with approximate normal distributions including lipid profiles, angina diary data, and bicycle exercise test data, the overall treatment differences on the change from baseline were analysed using an analysis of covariance model with treatment as the main effect and baseline as a covariate. If the overall treatment effect was significant, the pair-wise between-treatment comparison was performed using least-squares means from the analysis of covariance model. Withintreatment comparison was performed using a paired t-test.
The planned total duration of the bicycle exercise test (including eight workload stages) was 16 min (960 s). If the onset of events, .1 mm ST depression or onset of angina, was not observed by the end of the test, the time to event was censored at that time point. A log-rank test (including all three treatment groups) for the main treatment effect was performed for the time to onset of .1 mm ST depression and onset of angina at Weeks 18 and 26. If the main treatment effect was significant, then all possible pair-wise treatment comparisons were performed using the log-rank test including the two corresponding treatment groups.
The association between the change from baseline to Week 18 and to Week 26 in the number of ischaemic episodes and the change from baseline to Week 18 and to Week 26 in age, high-sensitivity C-reactive protein, blood pressure, and total cholesterol were investigated using stepwise regression models.
Statistical analysis was performed using SAS Version 8 (SAS Institute Inc., Cary, NC, USA) according to the pre-specified statistical analysis plan by the sponsor (Pfizer Inc.), under the guidance and supervision of the independent steering committee.
Results
Study population
Of 625 patients who were screened, 312 were randomized and 311 (49.8%) received study drug (103 amlodipine, 104 atorvastatin, and 104 combination therapy) ( Figure 2 ). Of these, 29 patients (9.3%) were excluded because of technical reasons and 94 (91.3%), 92 (88.5%), and 96 (92.3%) patients completed the study with technically acceptable AECG data and few missing data in the amlodipine, atorvastatin, and combination arms, respectively. Overall 4% or less of the patients had missing data on AECG, inflammatory biomarker, bicycle exercise test, lipids, and patient diary data at Week 18. An additional 5% or less of the patients had missing data at Week 26. In these individuals, the Week 18 values were carried forward in the analyses.
Overall, five patients had a prior history of statin use (≥4 weeks before screening), two in the amlodipine arm, one in the atorvastatin arm, and two in the combination arm. However, no patient took a statin in the 4-week period before screening and we believe that such low prior usage is unlikely to influence the results. Discontinuations were similar across arms ( Figure 2) .
Patient baseline characteristics in the three arms were comparable ( Table 1) . The majority were receiving intensive cardiovascular drug treatment including b-blockers (80.7%), vasodilators (e.g. long-acting nitrates) (62.4%), and aspirin (81.7%) at entry, and minimal changes were made to background treatment during the study ( Table 2 ).
Transient myocardial ischaemia by ambulatory electrocardiographic monitoring
At Week 26, the median number of ischaemic episodes in all three groups decreased significantly (P , 0.001, within-treatment comparison) (Figure 3 ). There was no significant difference among the three treatment groups in the change from baseline to Week 26 in the number of ischaemic episodes (overall P ¼ 0.922). Transient myocardial ischaemia episodes decreased by .66% in all cohorts, with .50% of patients becoming TMI-free at the final visit in all three groups (Figure 3) . Additionally, the median duration of the TMI episodes decreased by .75% in all three groups. There were no differences in efficacy between the treatments, with virtual elimination of ischaemic events by Week 18; atorvastatin was as effective as amlodipine (Figure 3) .
At baseline, the circadian pattern for TMI was observed in all three arms. By Week 18, there was a marked reduction in ischaemic events over 24 h in all three arms (P , 0.001 vs. baseline for all three cohorts), with little additional reductions recorded between Weeks 18 and 26 (Figure 4) .
Diary data
The mean number of diary reported angina attacks/week in all three arms decreased significantly from baseline by Week 18 (P , 0.001 for each arm) and the effects were maintained at Week 26 (P , 0.001 for each arm; Figure 5A) . Similarly, the reported use of nitroglycerin tablets was reduced significantly during these periods (P , 0.001 for each arm, baseline vs. Week 18 and vs. Week 26; Figure 5B ). The change in number of There was no statistical difference between treatment groups for the baseline characteristics with the exception of TG (P , 0.05).
Anti-ischaemic effects of statins in angina nitroglycerin tablets used reached significance between the amlodipine and atorvastatin arms (P ¼ 0.05).
Bicycle exercise testing
During the bicycle exercise test, many subjects did not have angina or ST depression and stopped the test because of fatigue. Since the time to angina or ST depression for many subjects was censored to their total exercise time, the exercise test result may not reflect the actual treatment effect on the time to angina or ST depression. In the analysis of the time to onset of angina or the time to onset of ST depression using the log-rank test (Table 3) , there were no statistically significant differences among the three treatment groups at the end of study. In each of the three treatment groups, 62 -66% of patients had angina at baseline and this was reduced by 50% at Weeks 18 and 26. The proportion of patients with ST depression at baseline was between 33 and 40% and this was reduced by 25 -50% at Weeks 18 and 26. J.E. Deanfield et al.
Inflammatory biomarkers
At Week 26, there was no significant change in high-sensitivity C-reactive protein in the patients who received amlodipine monotherapy. In contrast, high-sensitivity C-reactive protein fell significantly at Weeks 18 and 26 for atorvastatin or amlodipine + atorvastatin ( Figure 6 ). There were no or minimal changes in amyloid-A or interleukin-6 at either time point for any arm. The median for interleukin-6 was 4.99 for all treatment arms at baseline and at the two subsequent visits. The interpretation of these results is limited by the large number of subjects with interleukin-6 below the minimum level of detection for the assay. Likewise, baseline values for amyloid-A were low and changes for amyloid-A were modest (range 20.01 to 20.05) and non-significant.
Lipids and blood pressure
As expected, there were significantly greater decreases in total cholesterol, LDL-C, and triglycerides at Week 26 in patients who received atorvastatin (monotherapy or in combination) compared with amlodipine monotherapy (P , 0.001). Relationship between transient ischaemia and high-sensitivity C-reactive protein 
Safety and adverse events
The incidence of all-causality adverse events was similar in all three arms with similar low discontinuation rates. Approximately 24% of patients experienced an adverse event. The majority of events (75.4%) were mild or moderate, and only 4.2% of subjects discontinued due to an adverse event. Peripheral oedema was the only treatment-related adverse event that occurred in .2% of patients, and this occurred exclusively in those who received amlodipine (6.8% in the monotherapy arm and 10.6% in the combination arm, P ¼ 0.46). There was one case of myalgia reported in each group with no elevation in creatine phosphokinase levels. Transitory elevations in alanine aminotransferase (.3× upper limit of normal) were observed in 1% of participants (one subject per arm). No hepatic adverse events were reported.
Discussion
This study demonstrated that in patients with stable angina and CAD, atorvastatin virtually eliminated episodes of TMI during normal daily life, both with and without symptoms. Atorvastatin was as effective as the well-established anti-anginal therapy, amlodipine. Because of the powerful effect of each agent alone, it was not possible to test whether combination therapy with both amlodipine and atorvastatin offered additional effectiveness over the individual agents. However, the impact of atorvastatin and amlodipine on the inflammatory marker high-sensitivity C-reactive protein differed, suggesting that the anti-ischaemic effects were not achieved by the same mechanisms.
Vascular effects of amlodipine and statins
We have previously demonstrated reduction in TMI in patients with stable CAD using amlodipine monotherapy and in combination with other agents. 4, 6 This is most likely due to direct arterial vasodilatation with improved coronary flow and systemic afterload reduction. 12, 13 There is increasing interest, however, in targeting further the dysfunctional vascular biology of atherosclerosis, as this may underlie both the disturbances of coronary blood flow in Anti-ischaemic effects of statins in angina myocardial ischaemia and more serious adverse clinical outcomes. 14, 15 Statins show a variety of vascular effects in addition to LDL-C lowering, but the clinical relevance of these 'pleiotropic' actions has been controversial. 7, 16, 17 We now show, in a large randomized trial, that atorvastatin reduces one of the most common clinical manifestations of atherosclerosis, TMI with and without accompanying angina pectoris, in association with high-sensitivity C-reactive protein lowering. Our objective measurements of TMI, based on ST-segment depression during AECG monitoring, were mirrored by similar reductions in both angina and nitroglycerin use recorded in independent patient diary data. These rapid changes are unlikely to be due solely to beneficial remodelling of the underlying arterial stenoses and, furthermore, were not related to degree of LDL-C lowering. The substantial reductions in ischaemic activity achieved by the treatments provide mechanistic support for the findings of the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) trial, in which angina and myocardial ischaemia are significantly reduced from baseline in the medically managed groups. 
Effects of atorvastatin
Previous studies in patients with acute coronary syndromes or after MI have shown similar rapid benefits in ischaemic events or mortality using high-dose atorvastatin. 9, 10 Patients were titrated rapidly to the maximum dose of 80 mg so that we were unable to determine whether a lower dose would have been effective in reducing myocardial ischaemia, as has been reported for clinical outcomes. 18, 19 We included a combination arm to explore the potential benefit for dual therapy with amlodipine and atorvastatin and powered our study on the basis of a modest anti-ischaemic effect from atorvastatin. The unexpectedly large reduction in TMI observed with atorvastatin (52% of patients were rendered ischaemia-free), however, precluded the possibility of investigating potential additive or synergistic actions of the two drugs in combination.
Mechanisms of action
Although the benefit on TMI was seen with both amlodipine and atorvastatin, the underlying mechanisms are likely to differ. N, number of subjects with a baseline and at least one post-baseline observation; n, number of subjects with data at a given visit. a Based on extended log-rank test for overall comparison among three treatment groups.
b Based on log-rank test for pair-wise comparison between two treatment groups. c If a subject did not have angina or ST depression, then the time to onset of angina or time to onset of ST depression was censored at the total exercise time.
sensitivity C-reactive protein was reduced only in the atorvastatin arms (as previously recorded in other populations), and no change was seen accompanying TMI reduction with amlodipine. 20 This clearly does not imply a causal role for C-reactive protein in the pathogenesis of TMI or angina.
Statins are known to reduce vascular inflammation and oxidative stress and improve endothelial function. 7 All of these processes may contribute to disturbances in coronary flow regulation during normal daily life and lead to TMI. 14,21 Our study was not designed to examine the quantitative relation between the degree of LDL-C lowering or inflammatory markers and change in activity of TMI. We cannot therefore draw conclusions about the relative contribution of cholesterol lowering and 'pleiotropic' effects on the substantial improvement in ischemia seen with atorvastatin therapy.
Patient population and study design
Our trial included patients similar to those frequently encountered by physicians in clinical practice. They were aged 39 -82 years, most were already receiving standard anti-anginal and anti-platelet medications, and had well-controlled blood pressure. 4, 6 We designed our study to compare the effects of two drugs with different actions and their combination. We did not include a placebo arm for comparison with the active therapies, as it was considered unethical by the investigator sites. Previous studies have reported substantial reduction in ischaemia and angina in placebo groups of patients experiencing angina and coronary disease due in part to 'regression to the mean'. We set the threshold for ischaemic activity required for inclusion in the study at a lower level than in previous studies using AECG monitoring to reduce the likelihood of the improvements being due to this phenomenon. All ECG analyses were conducted by core lab staff who were blinded to therapy assignment and treatment phase. Patients were recruited on the basis of TMI in normal daily life, which was also the primary outcome measure. As in our previous studies, interpretable data were obtained on episodes of ST depression from the majority of patients, with only 9.3% of randomized subjects excluded for technical reasons. 4, 6 We also undertook bicycle tests as a secondary measure, but this proved difficult to standardize and interpret largely due to the patients' good total exercise time at baseline and the variations between centres in the quality of records and conduct of the test. 
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Future studies
Medical therapy strategies are now moving towards concurrent reduction in multiple risk factors, such as blood pressure and LDL-C, because of emerging evidence for outcome benefit for this approach over individual risk-factor control. 22 This may be due to benefits on the common vascular consequences of risk factors. We now show additional benefits of statin therapy beyond lipid lowering in a frequently encountered patient population, with substantial reduction in symptomatic and asymptomatic ischaemia. Although we did not demonstrate additional benefits with amlodipine and atorvastatin combination therapy, future studies in patients with more severe ischaemia, not controlled by a single agent, as well as of lowerdose combination treatment, will be instructive.
